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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the formation of projected 
parts in a part of the surface of a spherical body and lessen the inner 
strain in the spherical body by releasing heat, heating the surface part 
of a raw material molten liquid by an auxiliary heating means, and after 
that cooling the raw material at the time of dropping the raw material 
molten liquid in a dropping tube. 

SOLUTION: When electricity is applied to an electromagnetic 
suspension heating apparatus 12 and a raw material body 2a is supplied 
to a dropping tube 10 while opening a shutter 30, the raw material body 
is suspended in floating state for a short time and heated and becomes 
a raw material molten liquid 2b. Next, electricity supply to the apparatus 
12 is stopped, the raw material molten liquid 2b starts dropping in the 
tube 10 and is cooled by radiation cooling until is reaches the upper end 
level of an infrared heater 13 and releases heat. At that time, the raw 
material molten liquid 2b becomes truly spherical state. After that, only 
the surface of the raw material molten liquid 2b of the heater 13 is 
heated and the raw material molten liquid 2b is solidified to be a 
spherical crystal 2c with a truly spherical shape. Finally, the spherical 
crystal 2c drops to silicon oil in a silicon oil tank 15 and is completely 
cooled. In this way, a spherical body in which components are uniformly 
distributed can be manufactured. 
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CLAIMS 



[Claim(s)l 

[Claim 1 J The 1st P f0cess t0 wh ' ch the ra w material object which consists of an inorganic material is 
heated ^ ith a heatin 9 means, and carries out melting in the condition of having made it floating in a 
vacuum or predetermined gas with a floating force generating means, Next, the 2nd process made to 
radiate ^ eat with a melt condition, dropping the inside of the vacuum in the drop tube which made raw 
material the vertical position, or predetermined gas, Next, said raw material melt, dropping the inside 
of the v^ cuum in said dr °P tube ' or predetermined gas The 3rd process which heats the surface section of 
raw mate rial melt with an auxiliary heating means, and the 4th process which it cools [ process ] next, 
dropping the inside of the vacuum in said drop tube, or predetermined gas, and makes it solidify said raw 
material t0 a s P he rule in an operation of the surface tension of raw material melt, Next, the 
manufaO ture a PProach of the spherule made from an inorganic material characterized by having the 5th 
process which holds said spherule in the coolant of the coolant tub which attends the soffit of said drop 

[Claim 2] The manufacture approach of the spherule made from an inorganic material according to claim 1 
charac terized by said inorganic material being silicon. 

[Claim 3 ^ The 1st P rocess to which two or more raw material objects which consist of an inorganic 
materia' of a mutually different class are heated with a heating means, and carry out melting in one in the 
condition of having made it floating in the shape of contact in a vacuum or predetermined gas with a 
floating force Generating means, Next, the 2nd process made to radiate heat with a melt condition, 
dropping the inside of the vacuum in the drop tube which made raw material melt the vertical position, or 
predetermined gas, Next, said raw material melt, dropping the inside of the vacuum in said drop tube, or 
predetermined gas The 3rd process which heats the surface section of raw material melt with an auxiliary 
heating means, and the 4th process which it cools [ process ] next, dropping the inside of the vacuum in 
said droP tube ' or predetermined gas, and makes it solidify said raw material melt to a spherule in an 
operation of the surface tension of raw material melt, Next, the manufacture approach of the spherule 
made fr° m an inor 9 a nic material characterized by having the 5th process which holds said spherule in the 
coolant of the co °l ant tub which attends the soffit of said drop tube. 

[Claim 4 ^ The manufacture approach of the spherule made from an inorganic material according to claim 3 
charactered by the inorganic materials of a class which is different in mutual [ said ] being silicon and 
germanW^- 

[Claim 5* ln the equipment which heats the raw material object which consists of an inorganic material in 
the state of floating in the vacuum in a drop tube, or predetermineo gas, is made to solidify the raw 
material nnelt> carr ying out free fall of the inside of a drop tube, and manufactures a spherule The drop 
tube of a vertical Position, and a raw material object supply means to supply a raw material object from the 
upper b ed int0 said drop tube> The floatin 9 heating means which heats in the condition of having made the 
raw materia object floating in the upper bed section of said drop tube, or its neighborhood, and is made 
into raw material melt, The manufacturing installation of the spherule made from an inorganic material 
characterized by having the after heater which is isolated to said floating heating means down side beyond 
predetermined distance, is arranged in it, and heats the surface section of the raw material melt under 
drop [ in side / of a drop tube ]. 

[Claim ^ The manufacturing installation of the spherule made from an inorganic material according to 
claim 5 characterized by establishing the vacuation means which makes the inside of said drop tube a 
vacua through a vacuum pump. 

[Claim 7l The manufacturing installation of the spherule made from an inorganic material according to 
claim 6 characterized by establishing a gas supply means to form the gas stream which flows by this ** 
mostly in the drop directi °n of raw material melt in a drop tube, and to form the gas stream which flows to 
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the drop direction and opposite direction of a spherule in a drop tube while supplying the predetermined 
gas accO rding to the class of inorganic material in the drop tube. 

[Claim & The manufacturin Q installation of the spherule made from an inorganic material according to 
claim 7 characterized by preparing the coolant tub which holds in the coolant the spherule which attended 
the soff jt of said drop tube and fe " out of the soffit 



[Transition done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the technique of manufacturing the spherule 
made from an inorganic material economically comparatively simply, about the technique of making a 
spherule solidifying the raw material object of inorganic materials, such as a semi-conductor, a 
superconductor, the magnetic substance, a dielectric, an alloy, and glass, in an operation of surface 
tension, carrying out free fall of the inside of an after [ melting ] drop tube in the state of floating, about 
the manufacture approach of the spherule made from an inorganic material, and its manufacturing 
installation. 
[0002] 

[Description of the Prior Art] Since melting of the inorganic materials various in the bottom of a minute 
gravity environment is carried out conventionally, the experiment which a spherule is made to solidify has 
been conducted. The experiment which makes a spherical crystal was also conducted into it. as the 
melting approach of not using a container for the bottom of a minute gravity environment — 
electromagnetism — the technique which combined synchrotron orbital radiation heating furnaces, such 
as a halogen lamp, with floating heating, electrostatic floating, or an acoustic wave swimming device has 
been used. However, since such an experiment was conducted under the minute gravity environment of 
long duration using the satellite and space shuttle on [ instead of the ground ] an orbit around the earth, 
great costs and time amount are taken, and also the constraint on operation is also severe and the count 
of an experiment is limited. Therefore, it is not suitable for it being restricted to scientific research or an 
experiment, repeating the spherical crystal of an above-mentioned inorganic material economically for a 
short time, and producing to a large quantity. 

[0003] On the other hand, the minute gravity environment of a short time for 10 or less seconds of it being 
realizable with the drop tube prepared in the conventional ground and the experimental device of a shot 
tower method is well-known, for example, in the drop tube type experimental device of U.S. NASA, a drop 
tube equips on the ground — having — the bell jar of the upper bed section — electromagnetism — the 
** which floating heating apparatus is equipped exchangeable and does not pay the sample of various 
inorganic materials to a container — electromagnetism — floating heating is carried out, and a spherule is 
made to fuse, and to solidify under minute gravity, carrying out free fall of the inside of the vacuum of a 
drop tube 

[0004] Moreover, the example which made the spherical crystal of silicon using the shot tower is 
announced ["Development and Evaluation of the Texas Instruments Solar Energy System" 16 th IEEE PVSC 
Proceedings P. 257 -P. 260 (1982)]. According to this announcement paper, from the small nozzle with 
which the upper bed of a shot tower was equipped, the melt of silicon is injected small quantity every, free 
fall of the inside of the inert gas in a shot tower is carried out, and the spherical crystal of silicon is 
manufactured. The technique of injecting the melt of silicon small quantity every, carrying out free fall of 
the inside of a shot tower, and manufacturing the spherical crystal of silicon from the small nozzle with 
which the U.S. Pat. No. 4,021,323 official report as well as the above was equipped at the upper bed of a 
shot tower is indicated. 
[0005] 

[Problem(s) to be Solved by the Invention] As mentioned above, in making the melt of silicon inject from a 
nozzle and manufacturing the spherical crystal of silicon, it is not suitable for possibility that an impurity 
will melt into silicon melt from a nozzle being high, and manufacturing the silicon spherical crystal of a high 
grade. This is also the same as when manufacturing the spherical crystals and spherules made from an 
inorganic material other than silicon, however, the drop tube type experimental device of NASA — like — 
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electromagnetism — if floating heating apparatus is applied, since silicon melt will not be contacted in a 
container, an impurity does not melt into silicon melt 

[0006] On the other hand, when carrying out free fall of the inside of a vacuum or inert gas and making 
the melt of silicon solidify, in order to radiate heat from the front face of silicon melt, coagulation begins 
from the front-face side of silicon melt. However, since a part of silicon melt bulges in the piece place by 
the side of a front face and a tail-like height is formed when the interior of melt solidifies later than a 
front-face side, in order to carry out cubical expansion at the time of coagulation, silicon cannot form a 
real ball-like silicon spherical crystal. In the case of the inorganic material which carries out a volumetric 
shrinkage at the time of coagulation, a crevice may be formed in the surface section of the spherule 
solidified reversely with the above. Moreover, if the front-face side of silicon melt solidifies previously, it 
will become easy to mix the air bubbles adhering to a silicon raw material object in the interior of a 
spherule. 

[0007] And since silicon melt congeals from a front-face side, the internal distortion of the spherical 
crystal after coagulation also becomes large. When manufacturing the spherical crystal of silicon, 
annealing processing can remove said internal distortion separately. However, in the case of the inorganic 
material which cannot carry out the formation postheat treatment of the spherule, it is difficult to remove 
the internal distortion of a spherule. Anyway, in order to raise the quality of a spherical crystal or a 
spherule, it is desirable to make internal distortion small as much as possible from the formation phase of 
a spherical crystal or a spherule. 

[0008] In case the object of this invention manufactures the spherule made from an inorganic material, it 
is offering the manufacture approach of the spherule which can control a tail-like height being formed in a 
part of front face of a spherule, can make internal distortion of a spherule small, and can prevent mixing of 
the air bubbles inside a spherule, and its manufacturing installation. 
[0009] 

[Means for Solving the Problem] The manufacture approach of the spherule made from the inorganic 
material of claim 1 The 1st process to which the raw material object which consists of an inorganic 
material is heated with a heating means, and carries out melting in the condition of having made it floating 
in a vacuum or predetermined gas with a floating force generating means, Next, the 2nd process made to 
radiate heat with a melt condition, dropping the inside of the vacuum in the drop tube which made raw 
material melt the vertical position, or predetermined gas, Next, said raw material melt, dropping the inside 
of the vacuum in said drop tube, or predetermined gas The 3rd process which heats the surface section of 
raw material melt with an auxiliary heating means, and the 4th process which it cools [ process ] next, 
dropping the inside of the vacuum in said drop tube, or predetermined gas, and makes it solidify said raw 
material melt to a spherule in an operation of the surface tension of raw material melt, Next, it is 
characterized by having the 5th process which holds said spherule in the coolant of the coolant tub which 
attends the soffit of said drop tube. 

[0010] as said floating force generating means — electromagnetism — floating heating apparatus, an 
electrostatic swimming device, an acoustic wave swimming device, etc. — applicable — as said heating 
means — electromagnetism — floating heating apparatus, an infrared heater, an electric heater, a laser 
beam heater, a halogen lamp, etc. are applicable. As predetermined gas, oxidizing gases, such as 
nitrogen gas containing inert gas, such as argon gas, gaseous helium, and nitrogen gas. oxygen gas, or 
oxygen gas, are applicable. Inorganic materials are which ingredients, such as a semi-conductor, a 
superconductor, the magnetic substance, a dielectric, an alloy, and glass. 

[001 1] At the first process [ 1st ], the minute massive raw material object of an inorganic material is 
supplied to a floating force generating means by a parts feeder etc., by the condition of having made the 
raw material object floating in a vacuum or predetermined gas with the floating force generating means, it 
heats with a heating means and melting is carried out. Thus, in order to carry out and change melting of 
the raw material object into a floating condition, in order that raw material melt may not contact a 
container, an impurity does not melt into raw material melt. Heat is made to radiate at the 2nd following 
process with a melt condition, dropping the inside of the vacuum in the drop tube which made raw material 
melt the vertical position, or predetermined gas. 

[0012] In order to carry out free fall of the inside of a drop tube for raw material melt, raw material melt 
goes into a minute gravity condition, it becomes spherical in an operation of the surface tension of raw 
material melt, and in order that there may be no effect of gravity or a heat convection, a component serves 
as melt distributed over homogeneity. When dropping the inside of a vacuum, heat is radiated from the 
front face of raw material melt by radiation, and when dropping the inside of predetermined gas, heat is 
radiated from the front face of raw material melt with radiation and heat transfer. By making extent which 
extent which the coagulation of the front face of said raw material melt does not generate, or partial 
coagulation does not generate radiate heat, temperature lowering of the whole raw material melt is aimed 
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at. However, in order to radiate heat from the front-face side of raw material melt, the direction of the 
surface section becomes low temperature from the interior of raw material melt. 

[0013] At the 3rd following process, while raw material melt drops the inside of the vacuum in a drop tube, 
or predetermined gas, the surface section of raw material melt is heated with an auxiliary heating means. 
As this auxiliary heating means, in order to heat only the surface section, it is desirable to apply an infrared 
heater, and it heats so that the temperature of the surface section may become high rather than the 
temperature inside raw material melt. 

[0014] It cools dropping the inside of the vacuum in a drop tube, or predetermined gas, and a spherule is 
made to solidify raw material melt in an operation of the surface tension of semi-conductor melt in the 4th 
following process. It solidifies to a spherule, holding the shape of a ball in an operation of surface tension, 
in order that raw material melt may congeal carrying out free fall. Although raw material melt radiates heat 
from the surface section at this time, since the temperature inside raw material melt is lower on a par with 
the temperature of the surface section than the temperature of the surface section, coagulation begins 
from both the interior and the surface section from the interior of raw material melt. So, also in the case of 
the inorganic material which can control effectively that a height is formed in a part of front face of a 
spherule, and carries out a volumetric shrinkage at the time of coagulation, it can control effectively that a 
crevice is formed in a part of front face of a spherule, and, also in the case of the inorganic material which 
carries out cubical expansion at the time of coagulation, internal distortion of a spherule can be made 
small. Moreover, it is hard coming to mix air bubbles in the spherical inside of the body. And in order to 
solidify from the condition that there is no seed crystal used as the origin of coagulation initiation, the 
coagulation in a supercooling condition arises. When an inorganic material is glass, it becomes the 
spherule of completely new glass by supercooling coagulation. 

[0015] Although a part of melt will project in the surface section and a height will be formed in case the 
interior of raw material melt solidifies if it begins to solidify from the surface section of raw material melt in 
order to carry out cubical expansion of the silicon especially when an inorganic material is silicon, and 
solidifying In this invention, even if such a height is not formed and a height is formed, a ********** height 
to the extent that it disappears separately in the case of annealing processing will only be formed. 
[0016] At the 5th following process, a spherule is held in the coolant of the coolant tub which attends the 
soffit of a drop tube. As this coolant, the liquid (for example, silicone oil) which does not make an impurity 
melt into a spherule is applied. Thus, by holding the spherule which has fallen in the coolant, a buffer can 
be aimed at and a spherule can fully be cooled. 

[0017] The manufacture approach of the spherule made from the inorganic material of. claim 2 is 
characterized by said inorganic material being silicon in invention of claim 1. It can control that a 
projection is formed in the surface section of a silicon spherical crystal, and internal distortion of a 
spherical crystal can be made small as explained in the column of said claim 1. 
[0018] The manufacture approach of the spherule made from the inorganic material of claim 3 The 1st 
process to which two or more raw material objects which consist of an inorganic material of a mutually 
different class are heated with a heating means, and carry out melting in one in the condition of having 
made it floating in the shape of contact in a vacuum or predetermined gas with a floating force generating 
means, Next, the 2nd process made to radiate heat with a melt condition, dropping the inside of the 
vacuum in the drop tube which made raw material melt the vertical position, or predetermined gas, Next, 
said raw material melt, dropping the inside of the vacuum in said drop tube, or predetermined gas The 3rd 
process which heats the surface section of raw material melt with an auxiliary heating means, and the 4th 
process which it cools [ process ] next, dropping the inside of the vacuum in said drop tube, or 
predetermined gas, and makes it solidify said raw material melt to a spherule in an operation of the surface 
tension of raw material melt, Next, it is characterized by having the 5th process which holds said spherule 
in the coolant of the coolant tub which attends the soffit of said drop tube. 

[0019] Although this manufacture approach is the same as that of the manufacture approach of claim 1, 
and a basic target fundamentally, in the 1st process, it differs at the point which applies two or more raw 
material objects which consist of an inorganic material of a class which is mutually different, and is the 
same as that of claim 1 about the 2nd process - the 5th process. That is, in the condition of having made 
it floating in the shape of contact in a vacuum or predetermined gas with a floating force generating 
means, two or more raw material objects which consist of an inorganic material of a class which is 
mutually different in the 1st process are heated with a heating means, and carry out melting in one. The 
weight ratio of two or more raw material objects does not restrict that it is the same, but is set up suitably. 
Since it is the same as that of claim 1 about said inorganic material, a floating force generating means, 
and a heating means, explanation is omitted. According to this manufacture approach, it is the spherule 
which consists of an inorganic material with which two or more classes differ, the spherule from which the 
component was distributed over homogeneity can be manufactured, it can control that a height is formed 
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in the surface section of a spherule, and internal distortion of a spherule can be made small. 
[0020] The manufacture approach of the spherical crystal made from the inorganic material of claim 4 is 
characterized by the inorganic materials of a class which is different in mutual [ said ] being silicon and 
germanium in invention of claim 3. Since silicon and germanium form a complete solid solution, the 
spherical crystal of the silicon germanium mixed-crystal semiconductor which has a desired mixed-crystal 
ratio can be manufactured by choosing a presentation ratio as arbitration. 

[0021] The manufacturing installation of the spherule made from the inorganic material of claim 5 In the 
equipment which heats the raw material object which consists of an inorganic material in the state of 
floating in the vacuum in a drop tube, or predetermined gas, is made to solidify the raw material melt, 
carrying out free fall of the inside of a drop tube, and manufactures a spherule The drop tube of a vertical 
position, and a raw material object supply means to supply a raw material object from the upper bed into 
said drop tube, The floating heating means which heats in the condition of having made the raw material 
object floating in the upper bed section of said drop tube, or its neighborhood, and is made into raw 
material melt, It is isolated to said floating heating means down side beyond predetermined distance, is 
arranged in it, and has the after heater which heats the surface section of the raw material melt under drop 
[ inside / of a drop tube ]. 

[0022] Said inorganic materials are any one ingredient or two or more ingredients, such as a semi- 
conductor, a superconductor, the magnetic substance, an alloy, and glass, and the raw material object of 
one kind o\ ingredient, the raw material object of two or more ingredients, one raw material object, two or 
more raw material objects, etc. can apply the raw material object of a gestalt variously as a raw material 
object. About predetermined gas, it is the same as that of claim 1 . as said floating heating means — 
electromagnetism — it can apply any of floating heating apparatus, an electrostatic swimming device, 
heating apparatus and an acoustic wave swimming device, and heating apparatus ** they are, and various 
heating means, such as an electric heater, an infrared heater, a halogen lamp heater, and a laser beam 
heater, can be applied as said heating apparatus. As said after heater, various heaters, such as an infrared 
heater, a halogen lamp heater, a laser beam heater, and an electric heater, are applicable. 
[0023] If a feeding means supplies a raw material object from the upper bed into a drop tube, a floating 
heating means will be heated in the condition of having made the raw material object floating in the upper 
bed section of a drop tube, or its neighborhood, and will be made into raw material melt. Since raw 
material melt is in a floating condition, and a container is not contacted, an impurity does not melt into raw 
material melt. Although raw material melt radiates heat by radiative cooling etc. and the temperature of the 
whole raw material melt falls while raw material melt falls the inside of a drop tube to the level of an after 
heater since an after heater is isolated to the floating heating means down side beyond predetermined 
distance and is arranged in it, the direction of the surface section becomes low temperature from the 
interior of raw material melt. 

[0024] Next, since the surface section of the raw material melt is heated at an after heater, the direction of 
the surface section becomes an elevated temperature from the interior. of raw material melt. Since the 
temperature inside raw material melt is lower on a par with the temperature of the surface section than the 
temperature of the surface section when temperature lowering is carried out to the congealing point, in 
order to radiate heat from the surface section of raw material melt during drop of raw material melt, after 
the raw material melt passes an after heater, coagulation begins from both the interior and the surface 
section from the interior of raw material melt. Consequently, the operation explained to claim 1 and the 
same operation are done so. 

[0025] The manufacturing installation of the spherule made from the inorganic material of claim 6 
establishes the vacuation means which makes the inside of said drop tube a vacua through a vacuum 
pump in invention of claim 5. In case the inside of a drop tube is made into a vacua and a spherule is 
manufactured, a vacuation means is operated and the inside of a drop tube is made into a vacua. 
[0026] in invention of claim 6, the manufacturing installation of the spherule made from the inorganic 
material of claim 7 establishes a gas supply means to form the gas stream which flows by this ** mostly in 
the drop direction of raw material melt in a drop tube, and to form the gas stream which flows to the drop 
direction and opposite direction of a spherule in a drop tube while supplying the predetermined gas 
according to the class of inorganic material in a drop tube. For example, when manufacturing a glass 
spherule and the spherule made from an oxide high-temperature superconductor, a vacuation means will 
be stopped, the nitrogen gas containing oxidization gas or oxygen gas will be supplied in a drop tube, and 
a spherule will be manufactured in the gas. In that case, the gas stream which forms the gas stream which 
flows by this ** mostly in the drop direction of raw material melt in a drop tube, and flows to the drop 
direction and opposite direction of a spherule in a drop tube with a gas supply means while supplying gas 
in a drop tube is formed. 

[0027] Although the raw material melt of an about several 100-2000-micrometer minor diameter is 
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solidified in a **** short time within a dr °P tube - in order to form the gas stream which flows by this ** 
mostly in the drop dire ction of the raw material melt before coagulation, frictional force hardly acts on the 
raw mate rial melt under coagulation from a gas stream, but raw material melt is solidified in the shape of a 
real ball. /And in order t0 form the 9as stream which flows to the drop direction and opposite direction of a 
spherule after coagulation, the contact degree of a gas stream and a spherule becomes high, and the 
reaction ° f 9as and a spherule and cooling of a spherule are promoted. 

[0028] in invention °f claim 7, the soffit of said drop tube is faced the manufacturing installation of the 
spherule rnade from the ^organic material of claim 8, and it prepares the coolant tub which holds in the 
coolant * he spherule which fell out of the soffit. A spherule can be cooled while preventing that a spherule 
is dama9 ed with an im Pact, in order to hold the spherule which fell out of the soffit of a drop tube in the 
coolant of a coolant tub. 
[0029] 

[Embodin^ 111 of the Invention] Hereafter, it explains, referring to a drawing about the gestalt of operation 
of this jn^ ention - The spicule manufacturing installation which first manufactures the spherule made from 
an inorg anic material < the number of diameters 100-2000 micrometers) applied to this invention is 
explained- As shown in drawing 1 , the spherule manufacturing installation 1 for the diameter of 5- 10cm 
The droP tube 10 of a vertic al with a height of about 14m, the electromagnetism arranged on the outside 
of the uPP er bed se ction of the drop tube 10 — with the floating heating apparatus 12 The infrared heater 
13 (auxi' iary heatin 9 means) as an after heater, and the feeding equipment 1 1 which supplies one raw 
material object 2a at a time to the upper bed of the drop tube 10, The silicone oil tub 15 which holds in the 
hold seC tion 14 which stands in a row in the soffit of the drop tube 10, and attends the soffit of the drop 
tube 10, The vacuum pump 16 which attracts the air in the drop tube 10, and a gas transfer unit 17, It 
consists of hi 9 h speed cameras 18a- 18c which photo the pipe line and bulbs, raw material melt 2b under 
drop [ in side I of the dr °P tube 10 ]• and spherical crystal 2c (spherule), and control unit 20 grade which 
controls these devic es. In addition, the floor [ first ] - the floor [ fifth ] floors 3a-3e of works are also 
illustrated- 

[0030] F eed,n 9 equipment 1 1 is equipped with the parts feeder 22 which holds raw material object 2a of 
the shaP e of a pellet of the feeder 21 connected to the upper bed of the drop tube 10, and much 
predetermine sizes « and it supplies at a time to one feeder 21 , and the parts feeder 22 is constituted so 
that degasification of the air of the front face of raw material object 2a may be carried out, while heating 
raw material ob J ect 2a beforehand, the case 23 of a feeder 21 — electromagnetism — it connects with a 
vacuum P ump 16 by the siphon 25 which has the closing motion valve 24 — having — the acceptance 
machine 26 within a case 23 — electromagnetism — it connects with a parts feeder 22 at the path 28 
which h^s the closing motion shutter 27 — having — the outlet path 29 of the acceptance machine 26 — 
electromagnetism — the closing motion shutter 30 is formed and the vacuum within a case 23 is 
introduced int0 the acceptance machine 26 through two or more micropores. 

[0031] under operation of the spherule manufacturing installation 1 — electromagnetism — the closing 
motion valve 24 is opened and is a vacua in a feeder 21 . the case where one raw material object 2a is 
supplied to a feeder 21 from a parts feeder 22 — electromagnetism — the closing motion shutter 30 — 
closing and electromagnetism — the closing motion shutter 27 — opening — the inside of the 
acceptance machine 26 — raw material object 2a — supplying — after that — electromagnetism — the 
closing motion shutter 27 is closed. Supply of feeding equipment 1 1 is attained to the feeder 21 in one raw 
material object 2a at every predetermined time (for example, 1 second). 

[0032] the s 'P hon 33-35 which attracts the air in the drop tube 10 — electromagnetism — the closing 
motion valves 36-38 are equipped, and these siphon 33-35 is connected to the vacuum pump 16. So that 
predetermined gas (inert gas, oxidizing gas, etc.) can be passed in the drop tube 10 depending on the 
class of inorganic material The gas supply line 39 prolonged from a gas transfer unit 17 and its gas 
transfer unit 17 is formed, branch-pipe 39a which branched from the gas supply line 39 is connected to 
the upP er case section of the drop tube 10, and branch-pipe 39b which branched from the gas supply line 
39 is connected to the lower-berth section of the drop tube 10 — having — a gas supply line 39 — 
electromagnetism — the closing motion valve 40 is equipped, the middle of the drop tube 10 — the gas 
exhaust pipe 41 connected to the section carries out atmospheric-air disconnection — having — this gas 
exhaust P'Pe 41 — electromagnetism — the closing motion valve 42 is equipped. 
[0033] since 9as flows by this ** mostly in raw material melt 2b and this direction in the Johan department 
of the d^P tube 10 in supplying predetermined gas from a gas transfer unit 17, frictional force does not 
act on raW ma terial melt 2b from gas. Since gas flows to spherical crystal 2c and an opposite hand in the 
bottom half department of the drop tube 10, the contact degree of spherical crystal 2c and gas becomes 
high however — the case where the inside of the drop tube 10 is maintained to a vacuum — a gas 
transfer unit 17 — stopping — electromagnetism — the closing motion valves 40 and 42 are closed. 
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[0034] it is shown in drawing 2 — as — electromagnetism — the floating heating apparatus 12 It 
consists of high-frequency-current generators 19 (refer to drawing 1 ) which supply the equal high 
frequent current of hard flow to the up coil 45, the lower coil 46, and these coils 45 and 46. Line of 
magnetic force upward with the up coil 45 is generated, and downward line of magnetic force is generated 
with the ' ower coil 46 - When raw material object 2a consists of inorganic materials of a conductor or a 
semi-conductor, the induced current occurs in raw material object 2a with the line of magnetic force which 
changes with high frequency and raw material object 2a is in the mid-position (location of a graphic 
display) of the up coil 45 and the lower coil 46 ' Since the upward force of acting on the induced current 
from lin^ of magnetic force, and the downward force are balanced, raw material object 2a holds a floating 
condition, and raw material object 2a is heated by the exothermic effect in case the induced current flows 
the insid e of raw material object 2a. 

[0035] ln this way - if the high fre Quency current to both the coils 45 and 46 is intercepted after raw 
material object 2a is heated, fusing and becoming raw material melt 2b, raw material melt 2b will carry out 
free fall to the direction of the infrared heater 13. By this free fall, raw material melt 2b will be in the minute 
gravity condition of 10-5G, and will become real ball-like in an operation of surface tension. 
[0036] 3 thing for said infrared heater 13 to heat only a little surface section of raw material melt 2b — it 
is e |ectromagnetism — it detaches beyond the predetermined distance set up according to the 
magnitude and the ingredient of spherule 2c between the floating heating apparatus 12, and it is arranged 
annulare and Cached in the outside of the drop tube 10 possible [ fine adjustment of a height location ]. 
This infr ared heater 13 has the body 47 of a heater of the shape of a cylinder which consists of infrared 
radiation ceramics, and can control heating capacity by controlling the current supplied to this body 47 of 
a heater to a precision. Since raw material melt 2b falls rotating, only the surface section of raw material 
melt 2b i s uniformly heated at the infrared heater 13. in addition — drawing 2 — electromagnetism — the 
macro" temperature of raw material ob i ec t 2a heated at the floating heating apparatus 12 and the infrared 
heater 1 3 or the whole raw material melt 2b is illustrated, and temperature To is a melting point (congealing 

?0037] fs|ext ' how t0 apply silicon as an inorganic material, to supply raw material object 2a of silicon 
using said spherule manufacturing installation 1 , and to manufacture spherical crystal 2c of one silicon is 
explained- first, the first preparation phase — setting — electromagnetism — the closing motion valves 
40 and 42 c,ose ~~ having — electromagnetism — the closing motion valves 24, 36-38 — open — he 
and a vacuum pump 16 operate and the inside of the drop tube 10 is made into a predetermined vacua. 
One raw material object 2a is held in the acceptance machine 26 of feeding equipment 1 1 , and the 
predetermined current set up beforehand energizes at the infrared neater 13. 
[0038] next| e| ectromagnetism — it energizes to the floating heating apparatus 12 — having — 
electronn a9netism ~ the closing motion shutter 30 is opened and raw material object 2a supplies in the 
drop tube 10 — having — the raw material object 2a — electromagnetism — it holds in the floating 
condition between predetermined minute time amount with the floating heating apparatus 12, is heated, it 
fuses, ar)d bec °mes raw material melt 2b. As the temperature distribution of raw material melt 2b at this 
time are shown in drawing 3 (a), the interior and the surface section of raw material melt 2b become about 
1 appearance 

[0039] next ' elec tromagnetism — cutoff of the energization to the floating heating apparatus 12 begins to 
drop raw material melt 2b in the inside of the vacuum of the drop tube 10. At first, the drop rate of raw 
material melt 2b is a low speed, and the radiative cooling of it is carried out between the minute time 
amount to which raw material melt 2b falls to the level of the upper bed of the infrared heater 13, and it 
radiates heat. In order to radiate heat from the surface section of raw material melt 2b at this time, the 
direction of the surface section becomes low temperature from the interior of raw material melt 2b (refer to 
temperature distribution of drawing 3 (b)). After this drop initiation, since raw material melt 2b will be in a 
minute gravity condition, it becomes real ball-like in an operation of the surface tension of raw material 
melt 2b. 

[0040] Next, while falling the interior of the infrared heater 13 of the inside in the drop tube 10, only the 
surface section of raw material melt 2b is heated, and as the temperature distribution of raw material melt 
2b are shown in drawing 3 (c), the direction of the surface section becomes an elevated temperature from 
the interior of raw material melt 2b. Next, falling under the infrared heater 13, raw material melt 2b radiates 
heat by radiative cooling, and solidifies the inside of the vacuum of the drop tube 10 to real ball-like 
spheric^ crystal 2c in an operation of the surface tension of raw material melt 2b. 
[0041] R adiative cooling advances after passing said infrared heater 13, and a continuous line or a two- 
dot chain line comes to show the temperature distribution of raw material melt 2b in the condition of 
having carried out temperature lowering to near the congealing-point To to drawing 3 (d). That is, as a 
result of bein 9 cooled by radiative cooling from the surface section, the temperature of the interior of raw 
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material melt 2b and the surface section becomes about 1 appearance from the temperature-distribution 
condition shown in drawing 3 (c). Thus, since it solidifies in synchronization from the interior of raw 
material melt 2b, and surface [ both ] when raw material melt 2b solidifies from the condition of the 
temperature distribution shown in drawing 3 (d) as a continuous line, even if raw material melt 2b of silicon 
carries out cubical expansion during coagulation, a height is not formed in the surface section of spherical 
crystal 2c, and the internal distortion of spherical crystal 2c also becomes very small. Moreover, when raw 
material melt 2b solidifies from the condition of the temperature distribution shown in drawing 3 (d) 
according to a two-dot chain line, in order that coagulation may begin from the interior of raw material 
melt 2b and the surface section may solidify behind time, a height is not formed in the surface section of 
spherical crystal 2c, and the internal distortion of spherical crystal 2c also becomes very small. 
[0042] Then, spherical crystal 2c in the drop tube 10 which coagulation completed on the level of an 
inside step mostly falls into the silicone oil in the silicone oil tub 15, is held there, and is cooled 
thoroughly. Since it is buffered by the silicone oil when falling into a silicone oil, spherical crystal 2c is not 
damaged. In addition, in much spherical crystal 2c, after manufacture, the closing motion door besides a 
graphic display is opened, and the silicone oil tub 15 is taken out outside. In addition, although the internal 
distortion of spherical crystal 2c becomes small as mentioned above, when the whole spherical crystal 2c 
does not become a single crystal, the whole spherical crystal 2c can be used as a single crystal by 
carrying out annealing processing separately. 

[0043] Even if it expands in case raw material melt 2b of silicon solidifies in order to make spherical 
crystal 2c solidify according to the spherule manufacturing installation 1 and the spherule manufacture 
approach which were explained above, after equalizing the temperature distribution of raw material melt 2b 
like drawing 3 (d) through the infrared heater 13, it can control certainly that a height is formed in the 
surface section of spherical crystal 2c, and spherical crystal 2c of the shape of a real ball without a height 
can be manufactured. And even if a height is formed, a height to the extent that it disappears in the case 
of very small annealing processing will only be formed. In order that the surface section of raw material 
melt 2b may not solidify beyond the interior, the air bubbles adhering to the front face of raw material 
object 2a stop moreover, mixing in spherical crystal 2c. Moreover, since raw material melt 2b is solidified 
under a minute gravity condition and set to spherical crystal 2c, a component is set to spherical crystal 2c 
distributed over homogeneity, without being influenced of a heat convection, buoyancy, and 
sedimentation. Moreover, in case raw material melt 2b solidifies, in order to solidify in the condition that 
there is no seed crystal, it will solidify from a supercooling condition. 

[0044] Since the height of said drop tube 10 is about 14m, the drop time amount of raw material melt 2b 
is for about 1 .7 seconds, and can manufacture spherical crystal 2c of the size which can be solidified in 
these about 1.7 seconds. However, if the die length of the drop tube 10 is enlarged further, much more big 
spherical crystal 2c can be manufactured. In addition, although the aforementioned example explained as 
an example the case where spherical crystal 2c of silicon was manufactured, they are not only silicon but 
various inorganic materials (a semi-conductor, a superconductor, a dielectric, the magnetic substance, an 
alloy, glass, etc.), and can manufacture the spherical crystal and spherule made from an inorganic material 
in which induction heating is possible. And also in the case of the inorganic material which carries out a 
volumetric shrinkage in the case of coagulation, a crevice is not formed in the surface section of spherule 
2c, but it becomes a real ball-like spherule. And since feeding equipment 1 1 is constituted so that raw 
material object 2a can be supplied into the drop tube 10 every predetermined time, it can mass-produce 
efficiently the spherical crystal and spherule made from an inorganic material. 

[0045] In manufacturing the spherule made from glass or an oxide high-temperature superconductor (for 
example, YBa2 Cu 302) a vacuum pump 16 — stopping — electromagnetism — the closing motion 
valves 24, 36-38 — closing and electromagnetism — the closing motion valves 40 and 42 — an aperture 

— From a gas transfer unit 17, the nitrogen gas containing oxygen gas or oxygen gas is supplied to the 
drop tube 10, heating melting of the raw material object is carried out in the gas, and the inside of the gas 
is made to solidify, carrying out free fall of the raw material melt 2b. Moreover, the gas of the inorganic 
material for doping is supplied into the drop tube 10 with the inert gas supplied from a gas transfer unit 17, 
and heating melting of the raw material object is carried out in the gas, and you can also make it solidify 
the inside of the gas, in doping the inorganic material with which classes differ in the surface section of 
spherical crystal 2c, carrying out free fall of the raw material melt 2b. 

[0046] the case of the inorganic material (for example, glass) of an insulator — electromagnetism — 
since induction heating cannot be carried out with the floating heating apparatus 12 — electromagnetism 

— what is necessary is just to apply an electrostatic swimming device, heating apparatus, or an acoustic 
wave swimming device and heating apparatus instead of the floating heating apparatus 12 In addition, as 
the heating apparatus, various heating means, such as an electric heater, an infrared heater, a halogen 
lamp heater, and a laser beam heater, are applicable. On the other hand, various heaters, such as an 
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electric heater, a halogen lamp heater, and a laser beam heater, are applicable without the class of 
inorganic material, and relation instead of said infrared heater 13. 

[0047] Next, another operation gestalt which changed the aforementioned operation gestalt selectively is 
explained, it is shown in drawing 4 — as — spherule manufacturing installation 1A made from this 
inorganic material — two kinds of different raw material objects 2a and 2A made from an inorganic 
material — the inside of the drop tube 10 — supplying — electromagnetism — it is equipment which 
manufactures the spherical crystal which fuses in one with the floating heating apparatus 12, and consists 
of two kinds of products made from an inorganic material, and a spherule. Since the configuration of those 
other than feeding equipment 1 1 A is the same as that of the thing of said operation gestalt, it gives the 
same sign to the same component, and omits explanation. 

[0048] feeding equipment 1 1 A — everything but a parts feeder 22 — parts feeder 22A — having — this 
parts feeder 22A — electromagnetism — it connects with the acceptance machine 26 of a feeder 21 
through path 28A which has closing motion shutter 27A, and constitutes also from this parts feeder 22A 
possible [ supply of raw material object 2A ] in the acceptance vessel 26. From a parts feeder 22, raw 
material object 2a of silicon is supplied to the acceptance machine 26, and raw material object 2A of 
germanium is supplied to the acceptance machine 26 from parts feeder 22A. However, each weight is set 
up so that raw material object 2a and raw material object 2A may become a predetermined presentation 
ratio. 

[0049] the case where the P type which consists of silicon and germanium, or the spherical crystal of an 
N type semiconductor is manufactured — the acceptance machine 26 — raw material object 2a of one 
silicon, and raw material object 2A of one germanium — after hold and said operation gestalt — the same 

— the raw material objects 2a and 2A — electromagnetism — it heats in the condition of having supplied 
the floating heating apparatus 12 and having made it floating in the shape of contact, melting is carried out 
in one, and it considers as raw material melt. It is the same as that of said operation gestalt after it. Thus, 
the spherical crystal of the mixed-crystal semiconductor which mixed germanium with silicon can be 
manufactured. In addition, the spherical crystal and spherule which consist of two kinds of inorganic 
materials not only among silicon and germanium but among various inorganic materials can be 
manufactured. In addition, not only two parts feeders 22 and 22A but three or more parts feeders can be 
prepared, and the spherical crystal and spherule which consist of three or more kinds of inorganic 
materials can also be manufactured. 

[0050] 

[Effect of the Invention] a claim — one — invention — depending — if — the — one — a process - 
the — five — a process — a raw material — the body — floating — having made — a condition — 
fusing — drop — a tube — inside — free fall — carrying out — making — while — solidifying — 
making — a spherule — carrying out — since — an impurity — not containing — a spherule — a heat 
convection — buoyancy — sedimentation — effect — nothing — a component — homogeneity — 
having been distributed — an inorganic material — make — a spherule (a spherical crystal is included) - 

- it can manufacture . Moreover, in being able to control effectively that make coagulation start from both 
the interior and the surface section, and a height and a crevice are formed in a part of front face of a 
spherule from the interior of raw material melt by making raw material melt solidify through the 2nd process 
and the 3rd process, internal distortion of a spherule can be made small. Moreover, the air bubbles 
adhering to the front face of a raw material object can also prevent mixing in the interior of a spherule. 
[0051] Since according to invention of claim 2 the same effectiveness as claim 1 is done so and also an 
inorganic material is silicon, the spherical crystal of silicon can be manufactured, it can control that a 
height is formed in the surface section of the spherical crystal, it can be used as a real ball-like spherical 
crystal, and internal distortion of a spherical crystal can be made small. 

[0052] According to invention of claim 3, the same effectiveness as claim 1 is done so, and also it is the 
spherule (a spherical crystal is included) which consists of an inorganic material with which two or more 
classes differ, the spherule from which the component was distributed over homogeneity can be 
manufactured, it can control that a height and a crevice are formed in the surface section of a spherule, 
and internal distortion of a spherule can be made small. 

[0053] Although the manufacture approach of the spherical crystal made from the inorganic material of 
claim 4 does so the same effectiveness as claim 3, since the inorganic materials of a class which is 
different in mutual [ said ] are silicon and germanium, it can manufacture the spherical crystal of the 
mixed-crystal semiconductor of silicon germanium. <BR> [0054] According to the manufacturing 
installation of the spherule made from the inorganic material of claim 5, a drop tube, Since it has the raw 
material object supply means, the floating heating means, and the after heater that is isolated to the 
floating heating means down side beyond predetermined distance, is arranged in it, and heats the surface 
section of the raw material melt under drop [ inside / of a drop tube ], Like claim 1, there is neither a 
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height nor a crevice in the surface section, by the shape of a real ball, internal distortion is small and the 
spherule made from an inorganic material without mixing of air bubbles can be mass-produced cheaply 
efficiently continuously. 

[0055] Although the same effectiveness as claim 5 was done so, since the vacuation means which makes 
the inside of a drop tube a vacua was established according to the manufacturing installation of the 
spherule made from the inorganic material of claim 6, the inside of a drop tube can be made into a vacua, 
and a spherule can be manufactured. 

[0056] According to the manufacturing installation of the spherule made from the inorganic material of 
claim 7, do so the same effectiveness as claim 6, but While supplying the predetermined gas according to 
the class of inorganic material in a drop tube Since a gas supply means to have formed the gas stream 
which flows by this ** mostly in the drop direction of raw material melt in a drop tube, and to form the gas 
stream which flows to the drop direction and opposite direction of a spherule in a drop tube was 
established When supplying predetermined gas in a drop tube and manufacturing a supply object, frictional 
force hardly acts on the raw material melt under coagulation from a gas stream, but raw material melt is 
solidified in the shape of a real ball. And the contact degree of a gas stream and the spherule after 
coagulation becomes high, and the reaction of gas and a spherule and cooling of a spherule are 
promoted. 

[0057] A spherule can be cooled while preventing that a spherule is damaged with an impact, since the 
coolant tub which holds in the coolant the spherule which attended the soffit of a drop tube and fell out of 
the soffit was prepared according to the manufacturing installation of the spherule made from the 
inorganic material of claim 8, although the same effectiveness as c'aim 7 was done so. 
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* NOTICES * 

JPO and NClPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2,**** shows * he word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL FIELD 



[Field of the Invention] Especially this invention relates to the technique of manufacturing the spherule 
made fronn an inorganic material economically comparatively simply, about the technique of making a 
spherule solidifying the raw material object of inorganic materials, such as a semi-conductor, a 
superconductor, the magnetic substance, a dielectric, an alloy, and glass, in an operation of surface 
tension, carrying out free fall of the inside of an after [ melting ] drop tube in the state of floating, about 
the manufacture approach of the spherule made from an inorganic material, and its manufacturing 
installation. 
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3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] Since melting of the inorganic materials various in the bottom of a minute 
gravity environment is carried out conventionally, the experiment which a spherule is made to solidify has 
been conducted. The experiment which makes a spherical crystal was also conducted into it. as the 
melting approach of not using a container for the bottom of a minute gravity environment — 
electromagnetism — the technique which combined synchrotron orbital radiation heating furnaces, such 
as a halogen lamp, with floating heating, electrostatic floating, or an acoustic wave swimming device has 
been used. However, since such an experiment was conducted under the minute gravity environment of 
long duration using the satellite and space shuttle on [ instead of the ground ] an orbit around the earth, 
great costs and time amount are taken, and also the constraint on operation is also severe and the count 
of an exP eriment ,s limited. Therefore, it is not suitable for it being restricted to scientific research or an 
experiment, repeating the spherical crystal of an above-mentioned inorganic material economically for a 
short time, and producing to a large quantity. 

[0003] On the other hand, the minute gravity environment of a short time for 10 or less seconds of it being 
realizable with the drop tube prepared in the conventional ground and the experimental device of a shot 
tower method is well-known, for example, in the drop tube type experimental device of U.S. NASA, a drop 
tube equips on the ground — having — the bell jar of the upper bed section — electromagnetism — the 
** which floating heating apparatus is equipped exchangeable and does not pay the sample of various 
inorganic materials to a container — electromagnetism — floating heating is carried out, and a spherule is 
made to fuse, and to solidify under minute gravity, carrying out free fall of the inside of the vacuum of a 
drop tube 

[0004] Moreover, the example which made the spherical crystal of silicon using the shot tower is 
announced ["Development and Evaluation of the Texas Instruments Solar Energy System" 16 th IEEE PVSC 
Proceedings P. 257 -P. 260 (1982)]. According to this announcement paper, from the small nozzle with 
which the upper bed of a shot tower was equipped, the melt of silicon is injected small quantity every, free 
fall of the inside of the inert gas in a shot tower is carried out, and the spherical crystal of silicon is 
manufactured. The technique of injecting the melt of silicon small quantity every, carrying out free fall of 
the inside of a shot tower, and manufacturing the spherical crystal of silicon from the small nozzle with 
which the U.S. Pat. No. 4,021 ,323 official report as well as the above was equipped at the upper bed of a 
shot tower is indicated. 
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*NOTlCe S * 

. (siClPI are not responsible for any 
JPO and aUSec j by the use of this translation, 
damages 

1 This do cument has been translated by computer. So the translation may not reflect the original precisely. 

s h°ws the word which can not be translated. 

i'T*!ie> drawings, any words are not translated. 
3. In th 6 



OF THE INVENTION 



EFFEC^ _ _ 

f Effect of the Invention] a claim — one — invention — depending — if — the — one — a process - 
the — five ~~ 3 process ~~ a raw materia 1 ~ the body — floating — having made — a condition — 
fuqina drop ~~ 3 tube ~~ Inside ~~ free fa " car rying out — making — while — solidifying — 
making a spherule ~~ carrying out — since — an impurity — not containing — a spherule — a heat 
rnnveC tion " buova ncy — sedimentation — effect — nothing — a component — homogeneity — 
havinO ° een dlstnbutecl ~ an inorganic material — make — a spherule (a spherical crystal is included) - 
- it cari manufacture . Moreover, in being able to control effectively that make coagulation start from both 
the inte rior and the surface section, and a height and a crevice are formed in a part of front face of a 
sDherLJl e from the interior of raw material melt by making raw material melt solidify through the 2nd process 
and tn e 3rd process ' eternal distortion of a spherule can be made small. Moreover, the air bubbles 
adhering t0 tne fronl face of a raw material object can also prevent mixing in the interior of a spherule 
T0051 J Since accordin9 t0 invention of claim 2 the same effectiveness as claim 1 is done so and also an 
inora0 nic matenal ls slllC0n . the spherical crystal of silicon can be manufactured, it can control that a 
hPinht " s fof med in the surface section of the spherical crystal, it can be used as a real ball-like spherical 

s L i, and internal distortion of a spherical crystal can be made small. 
f0052l' according to invention of claim 3. the same effectiveness as claim 1 is done so, and also it is the 
sDhefU |e (a sphencal crvstal is included) which consists of an inorganic material with which two or more 
classes differ, the spherule from which the component was distributed over homogeneity can be 
manufa ctured ' 11 can control that a height and a crevice are formed in the surface section of a spherule 

' ' nte rnal distortion of a spherule can be made small. 
?0053J Although the manufacture approach of the spherical crystal made from the inorganic material of 
claim 4 d06S S ° the Same effectiveness as claim 3, since the inorganic materials of a class which is 
Hiffprent in mutual [ said ] are silicon and germanium, it can manufacture the spherical crystal of the 

. ^-crystal semiconductor of silicon germanium. 
fOOfU] According to the manufacturing installation of the spherule made from the inorganic material of 
claim 5 - 3 drop tube ' Since jt nas tne raw material object supply means, the floating heating means, and 
the af ter heater that IS iso| ated to the floating heating means down side beyond predetermined distance is 
arran0 ed 10 and heatS the surfac e section of the raw material melt under drop [ inside / of a drop 
tube ]■ Like Claim 1 ' there is "either a height nor a crevice in the surface section, by the shape of a real 
hall internal distortion is small and the spherule made from an inorganic material without mixing of air 
bubbl eS can be mass-produced cheaply efficiently continuously. 

ro0 553 Although the same effectiveness as claim 5 was done so. since the vacuation means which makes 
the ins' de of a drop tube a vacua w as established according to the manufacturing installation of the 
snheruie made from the inorganic material of claim 6. the inside of a drop tube can be made into a vacua 

1 a spherule can be manufactured. 
roo56] According to the manufacturing installation of the spherule made from the inorganic material of 
claim 7 - d0 so the same effectiveness as claim 6, but While supplying the predetermined gas according to 
the cia sS of inor 9 anic material in a drop tube Since a gas supply means to have formed the gas stream 
which f|0WS by th,s ** mostlv in th e drop direction of raw material melt in a drop tube, and to form the gas 
stream whlch flows t0 the drop direction and opposite direction of a spherule in a drop tube was 
estab |isned When supplyin 9 Predetermined gas in a drop tube and manufacturing a supply object, frictional 
force h ardlv ac ts on the raw material melt under coagulation from a gas stream, but raw material melt is 
solidif' ed in the shape of a real balL And the contact degree of a gas stream and the spherule after 
coag ulati0n beconr| es high, and the reaction of gas and a spherule and cooling of a spherule are 



coa9-- „ H 
promoted 
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[005 7] A spherule can be cooled while Preventing that a spherule is damaged with an impact, since the 
rnoia nt tub whlCh h0lds In the coolant tne spherule which attended the soffit of a drop tube and fell out of 
thp soft' 1 was P re Pared according to the manufacturing installation of the spherule made from the 
inor9 anic material of claim 8 ' altn ough the same effectiveness as claim 7 was done so. 

[Tran sia tion done - ] 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2,**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] As mentioned above, in making the melt of silicon inject from a 
nozzle and manufacturing the spherical crystal of silicon, it is not suitable for possibility that an impurity 
will melt into silicon melt from a nozzle being high, and manufacturing the silicon spherical crystal of a high 
grade. This is also the same as when manufacturing the spherical crystals and spherules made from an 
inorganic material other than silicon, however, the drop tube type experimental device of NASA — like — 
electromagnetism — if floating heating apparatus is applied, since silicon melt will not be contacted in a 
container, an impurity does not melt into silicon melt 

[0006] On the other hand, when carrying out free fall of the inside of a vacuum or inert gas and making 
the melt of silicon solidify, in order to radiate heat from the front face of silicon melt, coagulation begins 
from the front-face side of silicon melt. However, since a part of silicon melt bulges in the piece place by 
the side of a front face and a tail-like height is formed when the interior of melt solidifies later than a 
front-face side, in order to carry out cubical expansion at the time of coagulation, silicon cannot form a 
real ball-like silicon spherical crystal. In the case of the inorganic material which carries out a volumetric 
shrinkage at the time of coagulation, a crevice may be formed in the surface section of the spherule 
solidified reversely with the above. Moreover, if the front-face side of silicon melt solidifies previously, it 
will become easy to mix the air bubbles adhering to a silicon raw material object in the interior of a 
spherule. 

[0007] And since silicon melt congeals from a front-face side, the internal distortion of the spherical 
crystal after coagulation also becomes large. When manufacturing the spherical crystal of silicon, 
annealing processing can remove said internal distortion separately. However, in the case of the inorganic 
material which cannot carry out the formation postheat treatment of the spherule, it is difficult to remove 
the internal distortion of a spherule. Anyway, in order to raise the quality of a spherical crystal or a 
spherule, it is desirable to make internal distortion small as much as possible from the formation phase of 
a spherical crystal or a spherule. 

[0008] In case the object of this invention manufactures the spherule made from an inorganic material, it 
is offering the manufacture approach of the spherule which can control a tail-like height being formed in a 
part of front face of a spherule, can make internal distortion of a spherule small, and can prevent mixing of 
the air bubbles inside a spherule, and its manufacturing installation. 
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MEANS 



[Means for Solving the Problem] The manufacture approach of the spherule made from the inorganic 
material of claim 1 The 1st process to which the raw material object which consists of an inorganic 
material is heated with a heating means, and carries out melting in the condition of having made it floating 
in a vacuum or predetermined gas with a floating force generating means, Next, the 2nd process made to 
radiate heat with a melt condition, dropping the inside of the vacuum in the drop tube which made raw 
material melt the vertical position, or predetermined gas, Next, said raw material melt, dropping the inside 
of the vacuum in said drop tube, or predetermined gas The 3rd process which heats the surface section of 
raw material melt with an auxiliary heating means, and the 4th process which it cools [ process ] next, 
dropping the inside of the vacuum in said drop tube, or predetermined gas, and makes it solidify said raw 
material melt to a spherule in an operation of the surface tension of raw material melt, Next, it is 
characterized by having the 5th process which holds said spherule in the coolant of the coolant tub which 
attends the soffit of said drop tube. 

[0010] as said floating force generating means — electromagnetism — floating heating apparatus, an 
electrostatic swimming device, an acoustic wave swimming device, etc. — applicable — as said heating 
means — electromagnetism — floating heating apparatus, an infrared heater, an electric heater, a laser 
beam heater, a halogen lamp, etc. are applicable. As predetermined gas, oxidizing gases, such as 
nitrogen gas containing inert gas, such as argon gas, gaseous helium, and nitrogen gas, oxygen gas, or 
oxygen gas, are applicable. Inorganic materials are which ingredients, such as a semi-conductor, a 
superconductor, the magnetic substance, a dielectric, an alloy, and glass. 

[001 1] At the first process [ 1st ], the minute massive raw material object of an inorganic material is 
supplied to a floating force generating means by a parts feeder etc., by the condition of having made the 
raw material object floating in a vacuum or predetermined gas with the floating force generating means, it 
heats with a heating means and melting is carried out. Thus, in order to carry out and change melting of 
the raw material object into a floating condition, in order that raw material melt may not contact a 
container, an impurity does not melt into raw material melt. Heat is made to radiate at the 2nd following 
process with a melt condition, dropping the inside of the vacuum in the drop tube which made raw material 
melt the vertical position, or predetermined gas. 

[0012] In order to carry out free fall of the inside of a drop tube foi raw material melt, raw material melt 
goes into a minute gravity condition, it becomes spherical in an operation of the surface tension of raw 
material melt, and in order that there may be no effect of gravity or a heat convection, a component serves 
as melt distributed over homogeneity. When dropping the inside of a vacuum, heat is radiated from the 
front face of raw material melt by radiation, and when dropping the inside of predetermined gas, heat is 
radiated from the front face of raw material melt with radiation and heat transfer. By making extent which 
extent which the coagulation of the front face of said raw material melt does not generate, or partial 
coagulation does not generate radiate heat, temperature lowering of the whole raw material melt is aimed 
at. However, in order to radiate heat from the front-face side of raw material melt, the direction of the 
surface section becomes low temperature from the interior of raw material melt. 

[0013] At the 3rd following process, while raw material melt drops the inside of the vacuum in a drop tube, 
or predetermined gas, the surface section of raw material melt is heated with an auxiliary heating means. 
As this auxiliary heating means, in order to heat only the surface section, it is desirable to apply an infrared 
heater, and it heats so that the temperature of the surface section may become high rather than the 
temperature inside raw material melt. 

[0014] It cools dropping the inside of the vacuum in a drop tube, or predetermined gas, and a spherule is 
made to solidify raw material melt in an operation of the surface tension of semi-conductor melt in the 4th 
following process. It solidifies to a spherule, holding the shape of a ball in an operation of surface tension, 
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in order that raw material melt may congeal carrying out free fall. Although raw material melt radiates heat 
from the surface section at this time, since the temperature inside raw material melt is lower on a par with 
the temperature of the surface section than the temperature of the surface section, coagulation begins 
from both the interior and the surface section from the interior of raw material melt. So, also in the case of 
the inorganic material which can control effectively that a height is formed in a part of front face of a 
spherule, and carries out a volumetric shrinkage at the time of coagulation, it can control effectively that a 
crevice is formed in a part of front face of a spherule, and, also in the case of the inorganic material which 
carries out cubical expansion at the time of coagulation, internal distortion of a spherule can be made 
small. Moreover, it is hard coming to mix air bubbles in the spherical inside of the body. And in order to 
solidify from the condition that there is no seed crystal used as the origin of coagulation initiation, the 
coagulation in a supercooling condition arises. When an inorganic material is glass, it becomes the 
spherule of completely new glass by supercooling coagulation. 

[0015] Although a part of melt will project in the surface section and a height will be formed in case the 
interior of raw material melt solidifies if it begins to solidify from the surface section of raw material melt in 
order to carry out cubical expansion of the silicon especially when an inorganic material is silicon, and 
solidifying In this invention, even if such a height is not formed and a height is formed, a ********** height 
to the extent that it disappears separately in the case of annealing processing will only be formed. 
[0016] At the 5th following process, a spherule is held in the coolant of the coolant tub which attends the 
soffit of a drop tube. As this coolant, the liquid (for example, silicone oil) which does not make an impurity 
melt into a spherule is applied. Thus, by holding the spherule which has fallen in the coolant, a buffer can 
be aimed at and a spherule can fully be cooled. 

[0017] The manufacture approach of the spherule made from the inorganic material of claim 2 is 
characterized by said inorganic material being silicon in invention of claim 1 . It can control that a 
projection is formed in the surface section of a silicon spherical crystal, and internal distortion of a 
spherical crystal can be made small as explained in the column of said claim 1. 
[0018] The manufacture approach of the spherule made from the inorganic material of claim 3 The 1st 
process to which two or more raw material objects which consist of an inorganic material of a mutually 
different class are heated with a heating means, and carry out melting in one in the condition of having 
made it floating in the shape of contact in a vacuum or predetermined gas with a floating force generating 
means, Next, the 2nd process made to radiate heat with a melt condition, dropping the inside of the 
vacuum in the drop tube which made raw material melt the vertical position, or predetermined gas, Next, 
said raw material melt, dropping the inside of the vacuum in said drop tube, or predetermined gas The 3rd 
process which heats the surface section of raw material melt with an auxiliary heating means, and the 4th 
process which it cools [ process ] next, dropping the inside of the vacuum in said drop tube, or 
predetermined gas, and makes it solidify said raw material melt to a spherule in an operation of the surface 
tension of raw material melt, Next, it is characterized by having the 5th process which holds said spherule 
in the coolant of the coolant tub which attends the soffit of said drop tube. 

[0019] Although this manufacture approach is the same as that of the manufacture approach of claim 1, 
and a basic target fundamentally, in the 1st process, it differs at the point which applies two or more raw 
material objects which consist of an inorganic material of a class which is mutually different, and is the 
same as that of claim 1 about the 2nd process - the 5th process. That is, in the condition of having made 
it floating in the shape of contact in a vacuum or predetermined gas with a floating force generating 
means, two or more raw material objects which consist of an inorganic material of a class which is 
mutually different in the 1st process are heated with a heating means, and carry out melting in one. The 
weight ratio of two or more raw material objects does not restrict that it is the same, but is set up suitably. 
Since it is the same as that of claim 1 about said inorganic material, a floating force generating means, 
and a heating means, explanation is omitted. According to this manufacture approach, it is the spherule 
which consists of an inorganic material with which two or more classes differ, the spherule from which the 
component was distributed over homogeneity can be manufactured, it can control that a height is formed 
in the surface section of a spherule, and internal distortion of a spherule can be made small. 
[0020] The manufacture approach of the spherical crystal made from the inorganic material of claim 4 is 
characterized by the inorganic materials of a class which is different in mutual [ said ] being silicon and 
germanium in invention of claim 3. Since silicon and germanium form a complete solid solution, the 
spherical crystal of the silicon germanium mixed-crystal semiconductor which has a desired mixed-crystal 
ratio can be manufactured by choosing a presentation ratio as arbitration. 

[0021] The manufacturing installation of the spherule made from the inorganic material of claim 5 In the 
equipment which heats the raw material object which consists of an inorganic material in the state of 
floating in the vacuum in a drop tube, or predetermined gas, is made to solidify the raw material melt, 
carrying out free fall of the inside of a drop tube, and manufactures a spherule The drop tube of a vertical 
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position, and a raw material object supply means to supply a raw material object from the upper bed into 
said drop tube, The floating heating means which heats in the condition of having made the raw material 
object floating in the upper bed section of said drop tube, or its neighborhood, and is made into raw 
material melt, It is isolated to said floating heating means down side beyond predetermined distance, is 
arranged in it, and has the after heater which heats the surface section of the raw material melt under drop 
[ inside / of a drop tube ]. 

[0022] Said inorganic materials are any one ingredient or two or more ingredients, such as a semi- 
conductor, a superconductor, the magnetic substance, an alloy, and glass, and the raw material object of 
one kind of ingredient, the raw material object of two or more ingredients, one raw material object, two or 
more raw material objects, etc. can apply the raw material object of a gestalt variously as a raw material 
object. About predetermined gas, it is the same as that of claim 1 . as said floating heating means — 
electromagnetism — it can apply any of floating heating apparatus, an electrostatic swimming device, 
heating apparatus and an acoustic wave swimming device, and heating apparatus ** they are, and various 
heating means, such as an electric heater, an infrared heater, a halogen lamp heater, and a laser beam 
heater, can be applied as said heating apparatus. As said after heater, various heaters, such as an infrared 
heater, a halogen lamp heater, a laser beam heater, and an electric heater, are applicable. 
[0023] If a feeding means supplies a raw material object from the upper bed into a drop tube, a floating 
heating means will be heated in the condition of having made the raw material object floating in the upper 
bed section of a drop tube, or its neighborhood, and will be made into raw material melt. Since raw 
material melt is in a floating condition, and a container is not contacted, an impurity does not melt into raw 
material melt. Although raw material melt radiates heat by radiative cooling etc. and the temperature of the 
whole raw material melt falls while raw material melt falls the inside of a drop tube to the level of an after 
heater since an after heater is isolated to the floating heating means down side beyond predetermined 
distance and is arranged in it, the direction of the surface section becomes low temperature from the 
interior of raw material melt. 

[0024] Next, since the surface section of the raw material melt is heated at an after heater, the direction of 
the surface section becomes an elevated temperature from the interior of raw material melt. Since the 
temperature inside raw material melt is lower on a par with the temperature of the surface section than the 
temperature of the surface section when temperature lowering is carried out to the congealing point, in 
order to radiate heat from the surface section of raw material melt during drop of raw material melt, after 
the raw material melt passes an after heater, coagulation begins from both the interior and the surface 
section from the interior of raw material melt. Consequently, the operation explained to claim 1 and the 
same operation are done so. 

[0025] The manufacturing installation of the spherule made from the inorganic material of claim 6 
establishes the vacuation means which makes the inside of said drop tube a vacua through a vacuum 
pump in invention of claim 5. In case the inside of a drop tube is made into a vacua and a spherule is 
manufactured, a vacuation means is operated and the inside of a drop tube is made into a vacua. 
[0026] In invention of claim 6, the manufacturing installation of the spherule made from the inorganic 
material of claim 7 establishes a gas supply means to form the gas stream which flows by this ** mostly in 
the drop direction of raw material melt in a drop tube, and to form the gas stream which flows to the drop 
direction and opposite direction of a spherule in a drop tube while supplying the predetermined gas 
according to the class of inorganic material in a drop tube. For example, when manufacturing a glass 
spherule and the spherule made from an oxide high-temperature superconductor, a vacuation means will 
be stopped, the nitrogen gas containing oxidization gas or oxygen gas will be supplied in a drop tube, and 
a spherule will be manufactured in the gas. In that case, the gas stream which forms the gas stream which 
flows by this ** mostly in the drop direction of raw material melt in a drop tube, and flows to the drop 
direction and opposite direction of a spherule in a drop tube with a gas supply means while supplying gas 
in a drop tube is formed. 

[0027] Although the raw material melt of an about several 100-2000-micrometer minor diameter is 
solidified in a **** short time within a drop tube, in order to form the gas stream which flows by this ** 
mostly in the drop direction of the raw material melt before coagulation, frictional force hardly acts on the 
raw material melt under coagulation from a gas stream, but raw material melt is solidified in the shape of a 
real ball. And in order to form the gas stream which flows to the drop direction and opposite direction of a 
spherule after coagulation, the contact degree of a gas stream and a spherule becomes high, and the 
reaction of gas and a spherule and cooling of a spherule are promoted. 

[0028] In invention of claim 7, the soffit of said drop tube is faced the manufacturing installation of the 
spherule made from the inorganic material of claim 8, and it prepares the coolant tub which holds in the 
coolant the spherule which fell out of the soffit. A spherule can be cooled while preventing that a spherule 
is damaged with an impact, in order to hold the spherule which fell out of the soffit of a drop tube in the 
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coolant of a coolant tub. 
[0029] 

[Embodiment of the Invention] Hereafter, it explains, referring to a drawing about the gestalt of operation 
of this invention. The spherule manufacturing installation which first manufactures the spherule made from 
an inorganic material (the number of diameters 100-2000 micrometers) applied to this invention is 
explained, the electromagnetism which has arranged the spherule manufacturing installation 1 for the 
diameter of 5-10cm on the outside of the upper bed section of the drop tube 10 of a vertical with a height 
of about 14m, and the drop tube 10 as shown in drawing 1 — the floating heating apparatus 12 and the 
infrared heater 13 as an after heater 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Draw ing ^ !t is the whole spherule manufacturing installation block diagram made from an inorganic 
material concerning the operation gestalt of this invention. 

[Draw jn P 2 J *he electromagnetism of said manufacturing installation — it is the block diagram of floating 
heating apparatus and an infrared heater. 

[Draw ing 3 ^ ( a ) — electromagnetism — the thermal mapping of the raw material melt after floating 
heatinQ anc! ^) are [ the thermal mapping of the raw material melt after heating and (d of the thermal 
mapping of the raw material melt in front of an infrared heater and (c)) ] the thermal mapping of the raw 
material melt in front of coagulation at an infrared heater. 

[Draw ing 4 ^ 11 is the whole spherule manufacturing installation block diagram made from an inorganic 
material concerning another operation gestalt. 
[Description of Notations] 

I 1 A Spherule manufacturing installation 
2a 2A ^ aw material object 

2b' Raw material melt 

2c Spherical crystal (spherule) 

10 Drop Tube 

I I Feeding Equipment 

12 Electromagnetism — Floating Heating Apparatus (Floating Force Generating Means, Heating Means, 
Floating Heating Means) 

13 Infrared Heater (Auxiliary Heating Means, after Heater) 

16 Vacuum Pump 

17 Gas Transfer Unit 
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